The studied examples include (1) near-vent breccias, (2) block-andash flow deposits, and (3) mostly cohesive volcaniclastic debris-flow deposits from 49 selected exposures (24 in Hungary, 6 in France, 4 in Japan, 3 in New Zealand, 2 in Indonesia, and 1 in the U.S.A., Argentina, Chile, Turkey, and Romania, each). Near-vent breccias show a relatively weak fabric (R ഠ 28% on average). Volcaniclastic mass-flow deposits, regardless of their primary or secondary origin, develop a stronger fabric (R ഠ 46% on average) between 0.5 and 1 km from source. At distances more than 1 km, systematic improvement in clast alignment has not been identified. The presented photo-statistical method is applicable to any deposit that displays a preferred fabric.
INTRODUCTION AND TERMINOLOGY
Mass flows or sediment gravity flows are transport processes where clasts are carried and supported in an interstitial fluid (e.g., Lowe 1979; Postma 1986; Collinson and Thompson 1989; Branney and Kokelaar 1992; Vallance and Scott 1997; Blikra and Nemec 1998) . Clast support is due mainly to collision and rubbing of particles and the pore-fluid pressures when these exceed hydrostatic pressures (e.g., Lajoie and Stix 1992; McPhie et al. 1993; Iverson 1997; Vallance 2000) . Volcaniclastic mass flows can be either eruption-generated pyroclastic flows (e.g., block-and-ash flows, where the fluid is hot gas) or eruption-related or purely epiclastic mass flows (e.g., debris flows, in which fluid is water with variable sand/silt/clay content). In addition, many transitional types can exist (e.g., Pierson and Scott 1985; McPhie et al. 1993; Vallance and Scott 1997) .
Although the flow mechanism of both pyroclastic and debris flows can be turbulent (in the sense that eddies may occur: e.g., Iverson 1997) , the high concentration of clasts and hence the significant shear stress between particles results commonly in a parallel-to-flow orientation of the longest axes of clasts (Elston and Smith 1970; Davies and Walker 1974; Allen 1984; Smith 1986; Boudon et al. 1993; Hughes and Druitt 1998) . In other words, either the matrix or the collisions between neighboring particles force the clasts into a position of least resistance to the flow (Collinson and Thompson 1989) . In contrast, the orientation of long axes may change to transverse to flow if clasts are rolled on the depositional surface and supported by traction, e.g., in pyroclastic-surge or fluvial deposits (Rust 1972; Davies and Walker 1974; Smith 1986; Lajoie and Stix 1992; Bryan et al. 1998) . Bimodal fabric develops where both flow mechanisms operate (e.g., in deposits of hyperconcentrated flows ; Smith 1986) or in front of debris flows (Nieuwenhuijzen and Van Steijn 1990; Major and Voight 1986; Major 1998) .
The fact that clasts in mass-flow deposits are preferentially oriented parallel to flow is supported by studies of directional clast fabric both in nonvolcanic (e.g., Lindsay 1968; Hiscott and Middleton 1980; Fritz & Ogren 1984; Bertran et al. 1997 ) and volcaniclastic mass-flow deposits (e.g., Italian examples: Fisher et al. 1993 , Capaccioni and Sarocchi 1996 , Ort et al. 1999 ; Laacher See, Germany: Hughes and Druitt 1998; Taupo, New Zealand: Froggatt et al. 1981 ; Japan examples: Kamata and Mimura 1983 , Ui et al. 1989 , Baer et al. 1997 ; U.S. examples : Mills 1984 , Smith 1986 , Potter and Oberthal 1987 , MacDonald and Palmer 1990 , Vallance and Scott 1997 Volcán Hudson, Chile: Best 1992; Merapi, Indonesia: Boudon et al. 1993) .
In many studies, clast orientation data are collected from manual measurements carried out in the field, either on a selected portion of the studied deposit or on selected largest clasts. For practical reasons, clast sample numbers rarely exceed 20-50, which are sufficient to determine whether clasts are oriented but may not be enough to quantify the strength of orientation (see below). To overcome this problem, Capaccioni and Sarocchi (1996) collected decimeter-size cubes of ignimbrite samples and used a computer-assisted image analysis; 1500-2000 particles were measured in each sample. For obvious practical reasons, this method can be used only for fine-grained deposits. The problem of taking samples of sufficiently large size also applies to the AMS (anisotropy of magnetic susceptibility) method which detects the alignment of magnetic minerals in the matrix of volcaniclastic mass-flow deposits emplaced hot (e.g., ignimbrite; see MacDonald and Palmer 1990; Hillhouse and Wells 1991; Fisher et al. 1993; Lamarche and Froggatt 1993; Baer et al. 1997; Ort et al. 1999) . The AMS method is not applicable to debris-flow deposits emplaced cold or when fabric of the end product is clast-supported (e.g., block-and-ash flow deposit). Another problem may arise from the subjective selection of clasts. Mills (1984) noted that, even in the case of loose sediments, finding or digging out suitable clasts for measuring clast size or axis ratio is time consuming. If rocks are cemented-as is the case with many pre-Quaternary deposits-individual clast dimensions are hard to determine; thus it may be impossible to check axis ratio or type of imbrication. In these cases, instead of true long axis or ab plane azimuths, only cuts are measured (see Sztanó 1990; Capaccioni et al. 1997) . These practical difficulties suggest the need of a quantitative, automated method suitable for statistical comparison of clast fabric in coarse-grained deposits.
We have worked out a photo-statistical method (Karátson et al. 1999 ) to quantify directional clast fabric in volcaniclastic mass-flow deposits. Ad-FIG. 1.-Calculation of clast alignment statistics of volcaniclastic mass-flow deposit: a scaled photo of a vertical cut of an exposure (A) is followed by drawing the clast contours (B), and the result is treated by a computer-aided procedure (C).
vantage of the method is that instead of uncertain and difficultly reproducible field measurements, orientation of a large number of clasts can be determined. This paper addresses a number of practical and statistical issues of the method. We present characteristic values of clast fabric for different types of volcaniclastic mass-flow deposits from 49 selected exposures in Hungary (24), France (6), Japan (4), New Zealand (3), Indonesia (2), U.S.A., Argentina, Chile, Turkey and Romania (1 each). They comprise (a) near-vent breccias, (b) block-and-ash flow deposits and (c) mostly cohesive volcaniclastic debris-flow deposits. The obtained values allow us to discriminate between these types of deposits and draw some conclusions on the emplacement mechanisms. Results suggest that the photo-statistical method is applicable to any type of mass-flow deposit.
METHODOLOGY

Preparing and Measuring an Image for Analysis
Taking a Photograph.-
• The first step is to take a scaled photo of a carefully selected vertical face of an exposure containing a large number of clasts (Fig. 1) . The plane of the lens screen should be taken parallel to the plane of the outcrop face in order to minimize photographic distortion. View distance must be kept as uniform as possible in any comparative study.
• A major problem is that the actual exposure face (plane of photograph) may differ from the known or assumed paleoflow direction. This problem is discussed below in the section on 3D assessment.
• Volcaniclastic sequences close to the source may be deposited on a moderately steep (paleo)slope influencing the apparent dip of elongate clast axes (see Major and Voight 1986; Vallance and Scott 1997) . If bed thickness far exceeds outcrop height, it may not be possible to identify evidence for bedding and whether the dip has resulted from imbrication or depositional slope (or from tectonic tilt). Consequently, the term clast alignment in this paper refers to side-view clast orientation resulting from both imbricated and bed-parallel clasts. The method used to compute dip angle is presented below in the statistical assessment.
Scanning the Image and Drawing Particle
Contours.-Contours of identified particles, along with scale, are to be drawn manually or automatically (Fig. 1) . We worked with 200-500 particles on average. Manual drawing is preferred because altered surfaces, leaves, moss cover, as well as uncertain particle contours make the automation difficult.
3. Improving the Digitized Image.-This computer-aided step is to correct local small contour deficiencies, produced during manual drawing, and to delete tiny artifacts that may have resulted during scanning.
4. Adjusting the Image for Measurement.-Using a photo-statistical program (in this work, UTHSCSA ImageTool 2.00 was applied). (1) When calibrating image dimensions, the measuring units should be adjusted to scale; (2) the required variables for measuring must be selected (e.g., clast diameter computed from clast area, and angle of longest axis of clast to horizontal).
5. Measuring the Selected Variables.-Using a photo-statistical program. The resulting data list contains the required values for all particles; data of selected grains can also be obtained. The database can be further processed with any statistical software.
6. Producing Rose Diagrams.-Rose diagrams are obtained for the studied deposits by a program for circular statistics (SpheriStat 2.1 was used), using the angle (orientation) values of clasts.
Statistical Assessment of Clast Alignment
Calculating Clast Alignment.-When evaluating circular statistics, mean direction of clast angles is computed first. In our case, this corresponds to the average dip of the clasts seen on the plane of the photograph/ outcrop. The dominant direction of angles is represented by the length of the resultant vector (e.g., Reiche 1938; Curray 1956; Miall 1974; Davis 1986 ), i.e., the angle of the resultant vector (␤) can be calculated from the following formula:
where represents individual directional data. Because clast alignment data have only orientation without direction, the distribution of clast angles is bimodal (bipolar). Consequently, the above formula cannot give the correct resolution of the mean orientation. To avoid this problem, Krumbein (1939) proposed to double the measured angles ( ϭ 2), which results in the same direction for the equally oriented but oppositely directed clasts. In this way, the resultant ␤ must be divided by two to obtain dip angle (␣).
Apart from average direction, the resultant vector also gives information on the spread of clast alignment. The better oriented the sample, the fewer the number of particles perpendicular to the dip angle, consequently the smaller the spread of the vector directions, i.e. the resultant vector will be longer. Because the resultant vector length (R) is influenced by the number of particles (n), Davis (1986) recommended that R should be standardized:
The mean resultant vector length (R) is between 0 and 1. If there is a preferred clast fabric, R tends towards 1; if clasts are widely dispersed, R tends towards 0. R can, therefore, also be referred to as strength of directional fabric. In the following, R values are given in %. In accordance with the evaluation of other publications (e.g., Bertran et al. 1997) , R values above 40% are considered high.
In order to compare R to angle units, circular variance and standard deviation (S) have been used by some authors (Davis 1986; Krause and Geijer 1987) :
Only nonspheroidal clasts-elongated or discoidal-can show a preferred fabric. A traditional method to find such clasts is by selecting ones with an axis ratio greater than a given value (e.g., 3:2 or 5:2; Allen 1984; Hughes and Druitt 1998; Major 1998) . However, slightly elongated clasts may also show orientation: a simple method that takes all clasts into account is to compute a modified resultant vector length (R e ) by weighting clast angle with elongation value (e i ϭ Length/Width):
Supposing that more elongated clasts tend to have a better alignment, R e will be greater than R because of weighting.
Statistical Tests for Circular Distributions.-There are a number of statistical tests (Rayleigh, Tukey 2 , Goodness-of-fit tests, Von Mises distribution) to show whether a circular distribution is uniform or not (Davis 1986; Capaccioni et al. 1997) . Because the Von Mises distribution is the circular equivalent of the normal distribution, it is applicable only to unimodal, symmetrical data, hence is not suitable for our photo-statistical study. The Tukey 2 test is strongly influenced by the number of samples 2.4 92.9
R ϭ alignment vector length (%); R e ϭ vector length weighted by clast elongation. Corr. R ϭ vector length corrected by angle of exposure face to paleoflow direction (for side-view exposures). F ϭ front-view exposures (Visegrád 2 and 3). Rep. ϭ repeated.
and is also inadequate for our method. The test introduced by Rayleigh (1919) uses the above R value and relates it to values given in appropriate tables available (Davis 1986) . His null hypothesis is that the parent population is uniformly distributed. If R is greater than a critical value, then the null hypothesis can be rejected and the parent population can be considered as having a preferred alignment. (It should be noted that bimodality can reduce the R value, but the closer the modes to each other, the less reduced the R.)
Influence of Number of Clasts on Alignment Values.-After obtaining numerical values for orientation of the studied deposits, a fundamental question is whether and how the number of particles measured influences the computed values. A further question is, what is the advantage, if any, of the large number of automated measurements over manual field procedure. For instance, Bertran et al. (1997) investigated the fabric of subaerial debris-flow deposits by measuring 30-50 clasts per sample, and obtained directional fabric strength (R) ranging between 0.02 and 0.64. This range seems to be too wide for a single type of deposit. To evaluate the role of clast number in any measurement, the relationship between R and clast number needs to be examined. The most comprehensive method is to compute R at increasing numbers (e.g., increments of 20 clasts) of the total clast populations. In our work, this procedure has been completed (a) at increments that were collected randomly, (b) for the 20, 40, 60 etc. most elongated clasts, (c) for the 20, 40, 60 etc. largest clasts, and (d) at increments collected from the bottom to the top of the exposure.
Three-Dimensional Assessment of Exposure Face to Paleoflow Direction
In Figure 2 , a three-dimensional section of a volcaniclastic mass-flow unit is presented showing three typical cuts. Conventionally, a, b, and c are the mutually perpendicular axes of a clast in decreasing length (e.g., Davies and Walker 1974) . If the long axis (a) of clasts is oriented parallel to flow, the distribution of long axes in a plan view (which coincides with the ab plane if imbrication is not considered) is unimodal. From this circular distribution, flow direction can be inferred. In front view (which coincides with the bc plane where, in the case of elongated clasts, apparent elongation is the smallest), b axes are seen as long axes, instead of a axes. These b axes tend to show subhorizontal alignment, hence unimodal circular distribution around 0Њ is expected. In vertical side view (which coincides with the ac plane showing greatest apparent elongation), the possible coexistence of purely bed-parallel and imbricated clasts results in a bimodal distribution. In this paper, we deal with side-view exposures that are oriented more or less parallel to flow. Consequently, R values computed from these side views have been used to infer fabric strength characteristic of shear conditions during deposition. Flow direction can be estimated by (1) the photo-statistical method (presented by Capaccioni et al. 1997 and this paper) applied to a plan-view photo; (2) stereograms constructed from manual compass measurements of individual clasts (Fig. 2) ; (3) a wide range of flow markers either in the environment and in the deposit (e.g., sole marks, cross-bedding, clast imbrication, etc.). Provided that postvolcanic tectonic effects can be excluded or determined, paleogeomorphic situation can also suggest flow direction.
If the exposure face differs from the three above-mentioned perpendicular views, the geometrical assessment becomes more complex. Transition from plan view to front view is discussed by Seaman and Williams (1992) and Capaccioni et al. (1997) . In this case, a critical angle can be given which depends on the typical shape (elongated or discoidal) and the average elongation of clasts. At this angle, clast orientation seen in plan view ( ϭ a axis) suddenly becomes perpendicular ( ϭ b axis). The critical angle depends on the ratio of the three axes of a clast (Capaccioni et al. 1997) . In case of prolate clasts, relatively large dip of exposure can give reliable results (e.g., for a:b:c ϭ 1.5:1.1:1 or 2.5:1.5:1, the critical angle is 55Њ or 50Њ).
The transition from side view to front view poses similar geometrical problems. Given this transition, angles of both bed-parallel and imbricated clasts with respect to the horizontal transform to zero. If it is not possible to take a side-view photo more or less parallel to flow, deviation from flow direction should be estimated (Elston and Smith 1970; Suzuki and Ui 1982) .
If the exposure face differs from the paleoflow direction, or determining the paleoflow direction has some uncertainties, a numerical transformation is needed to correct the apparent R (computed from the cut). For this purpose, the approximate angle (⑀) between the strike of exposure face and flow direction should be given. In our paper, an empirical approach has been used: let be the real angle of the clast long axis with respect to horizontal, and Ј is the apparent (observed) angle of the given clast section with respect to the horizontal. For relatively flat clasts, tan Ј ϭ tan Ј cos ⑀ By this equation, we can compute the original values and hence the corrected R using the observed Ј values at different angle between the strike of exposure face and flow direction. Considering the error of the angle between paleoflow direction and exposure face, the error of corrected R can be determined. Because the computation needs a division by cos ⑀, it will give unacceptable results in case of angles (⑀) higher than ca. 45Њ. Consequently, if the exposure face differs from the paleoflow direction by more than 45Њ, i.e., the view is the front view rather than the side view, the correction method is inapplicable.
Problems of Determining Clast Size Distribution
Area-type data show the cross-sectional area of visible clasts. An artifact of photo-evaluation is that the visible maximum cross-sectional area is usually smaller than the largest actual cross-sectional area of a particle, depending on ⑀. This problem was also detected when calculating crystal area from thin sections (e.g., Friedman 1958; Textoris 1971; Johnson 1994) . Although the resulting difference in area does not change the characteristics of particle distribution, there is a large number of small particles that cannot be measured in a photo-analysis. Capaccioni and Sarocchi (1996) demonstrated how area-type data can be obtained by analyzing images of relatively fine-grained ignimbrites; however, the resolution of images of coarser-grained deposits limits the recognition of visible grain size (i.e., grainsize distribution is truncated from below). Whereas results of sieve analysis are given in weight %, any photo-statistical data refer to the number of particles in a given area (or diameter) class, which can lead to false conclusions. However, for information, we computed minimum and maximum clast diameter. Table 1 is a database of the studied exposures containing basic geological information, R, R e , and corrected R values, average dip of clasts, and clast size. Figure 3 shows rose diagrams with clast alignment values for a number of deposits. Figure 4 shows R values with error (standard deviation) intervals determined from direction uncertainties.
RESULTS OF THE PHOTO-STATISTICAL ANALYSIS
Influence of Deposit Type on R
Lag and Vent Breccias.-The studied deposits emplaced nearest to the volcanic source include co-ignimbrite lag breccias and vent breccias of lava domes. The former deposits are emplaced as the coarsest-grained portions of a pumiceous eruption column or pyroclastic flow; the latter are the brecciated, exposed roots of collapsed viscous lava domes inside or very near the vent.
Typical co-ignimbrite lag breccias include Aso and Kamewarizaka (Japan, Fig. 5 ), Atana (Chile), Cerro Galan (Argentina), and Királyrét (Hungary). These deposits are characterized by the lack of sedimentary features (i.e., bedding, grading), and by very poor sorting of highly angular lithic clasts which are generally embedded in a pumiceous matrix. Although lag breccias are thought to exhibit directional clast fabric near the vent (e.g., Druitt and Sparks 1982) , the studied examples have a wide range of R values (from 6.3% to 40.7%) with an average of 28.0%. Because most of the examples are located Ͻ 1 km from the vent, differences in R values imply that directional clast fabric should indeed develop within a very short transport distance.
Peculiar vent breccias have been studied in the Börzsöny Mountains, Hungary (Fig. 6) . The central part of the area (''High Börzsöny'') has been interpreted as a deeply eroded remnant of a mid-Miocene (13-14 Ma), moderately explosive dome complex with an erosional caldera (Karátson et al. 2000) . Apart from interbedded lava flows, lava dome products have been grouped into (a) the core facies (''vent breccia'') and (b) near-vent/ proximal facies of block-and-ash flow deposits. The former (Börzsöny 14, 31, 169, and 234 in Fig. 6 ) is found deep inside the caldera and exhibits autobrecciated character developed gradually from a massive or fractured basal section. The intracaldera position and outward/upward facies transi- Note the abundance of clasts, the apparent lack of fine matrix, and the much larger clast diameter relative to the Unzen deposit (in Figure 7 )! tion to block-and-ash flow deposits, as well as the presence of prismatically jointed blocks with glassy rock texture, suggest that the deposit was emplaced at or near the vent under subaerial conditions. Low R values of the studied deposits (between 15.9% and 33.7%) are consistent with a very limited transport distance.
High-Density, Lithic-Rich Pyroclastic-Flow Deposits.-Most of these (examples from the Unzen and Merapi volcanoes and the Börzsöny and Visegrád mountains in Table 1 ) are block-and-ash flow deposits emplaced 1-7 km from the vent. Figure 7 shows part of the deposit of one of the largest block-and-ash flows of the 1990-95 eruption of Unzen volcano (Nakada et al. 1999) , Kyushu, Japan. The exposure is 3 km from the eruption source. The deposit has a matrix-supported framework without internal stratification, grading, or any other sedimentary features. Clasts are monolithological and subangular to subrounded, and imbrication is not observed. In accordance with the clearly visible bed-parallel clast fabric, the R value is relatively high (47.2%).
Very similar R values have been measured for 18 coarse-grained pyroclastic-flow deposits emplaced at different distances from the source. Examples include two exposures of block-and-ash flow deposits of the 1984 Merapi eruption (Boudon et al. 1993) , the rheomorphic pumiceous pyroclastic-flow deposit of the Pagosa Peak dacite, San Juan volcanic field, Colorado, U.S.A. (Bachmann et al. 2000) , and near-vent block-and-ash flow deposits from the Börzsöny (Fig. 8) and Visegrád (Fig. 9 ) mountains, Hungary (Karátson et al. 2000; Karátson et al. 2001) and in the Mures (Maros) valley, Romania (Szakács and Seghedi 1996) . The average R value of all studied side-view exposures is 44.9%. All of the examples have an R value over 38%, and most of them, especially those emplaced Ͼ1.5 km from vent, over 47%. The average of R e values (49.3%) is higher than R, whereas the average corrected R is 43.3%.
Volcaniclastic Debris-Flow Deposits.-Cohesive volcaniclastic debrisflow (mostly lahar) deposits have been studied on examples from the Cantal Mountains (France), Little Barrier Island (New Zealand), Mt. Melendiz (Turkey), Ata caldera (Japan), and the Visegrád and Börzsöny mountains (Hungary).
In the Pliocene lahar sequences of the Cantal stratovolcano (Huguet et al. 2001) , some deposits show well-developed directional clast fabric (R ranging between 40 and 60%), whereas a few rose diagrams exhibit bimodality (see data for Arzaliers, Alberoche, and Salers in Fig. 3) . In two cases, bimodality results in a somewhat lower R value. However, R values are still above 35%. Bimodality is due either to the frequently developed imbrication and/or to the remobilization and mixing of different debrisflow deposits (Huguet et al. 2001) . On the Little Barrier Island, debris-flow deposits of the Pleistocene Haowhenua Formation (Lindsay et al. 1999) have been studied (Fig. 10) . The inferred vent area is ca. 3 km from the exposures. Both unimodal and bimodal roses (Fig. 3) exhibit strong clast fabric (over 44%). High R has been measured for a compound debris-flow deposit at the foothill area of the Pliocene Mt. Melendiz stratovolcano, Turkey (Toprak et al. 1994; Figs. 3, 11) . The Ata volcaniclastic conglomerate, Japan, located at least 8 km from source, is thought to be related to the 80-85 ka Upper Ata Ignimbrite erupted from the mostly submarine Ata caldera in the Kagoshima Bay (Nagaoka 1988; D. Fukushima personal communication) . The deposit was probably generated as a lag breccia but was transported and emplaced as a submarine debris-flow deposit. Moderately strong clast fabric (40.5%: Fig. 3 ) may indicate a mass-flow transport mechanism.
Averages of R, R e , and corrected R of the studied debris-flow deposits are 46.9, 51.6, and 43.0%, respectively, showing the same differences as, and very similar absolute values to, high-concentration pyroclastic-flow deposits.
Influence of Angle of Exposure Face to Paleoflow on R
As seen in Table 1 , the smaller the difference (⑀) between the strike of exposure face to paleoflow direction, the smaller the difference between apparent R and corrected R. For example, in the interval between 0-20Њ, the corrected R differs from the apparent R by no more than 3%. Between 20 and 35Њ, the difference is about 5-10 %. Practically speaking, if there is some uncertainty regarding paleoflow direction, the error will not exceed 10% difference in R value even in the case of 30Њ angle deviance. Figure 12 shows how R values depend on the increments at which clast data were collected (as described in the statistical assessment). As can be seen in all of the diagrams, R values obtained from sample numbers that were increased by random increments show large differences for fewer than 150 clasts, whereas, in general, they fall in a relatively narrow range of R (ca. 10%) for more than 150 clasts. Reliability of R for more than 150 clasts means that this number can be considered the minimum number that is required to give a representative value of R (also see Walker 1977; Ringrose and Benn 1997) . On the other hand, R values obtained from increments with progressively smaller clasts (measured as clast area) do not seem to correlate with clast number (Fig. 12) . This result implies that clast size generally does not influence clast alignment (Walker 1977) .
Influence of Sample Number on R
Influence of Elongation on R Value
Figure 12 also shows how R values depend on clast increments collected by decreasing elongation. The diagrams show that, in general, more elongated clasts have a higher R (cf. Allen 1984) . This correlation is also supported by the R and R e values in Table 1 : the modified, weighted resultant vector lengths are systematically greater than R.
In contrast to R values of randomly collected clast increments that do not change over 200 clasts, there is a significant change in R values obtained from progressively less elongated clast increments. This change implies that for determining fabric strength, it is more accurate to measure randomly collected (n ϭ 20, 50, 100) clasts than take the most elongated ones into account.
Influence of Vertical Position in Flow Unit on R Value
We have found that two-thirds of the outcrops (cases where n Ͼ 200 clasts) suggest that directional fabric strength improves slightly if clasts are collected from bottom to top (see Fig. 13 , and Visegrád-1 and -6 in Table  1 ). This is attributed to the fact that clast imbrication tends to decrease towards the top of mass-flow deposits (Fig. 13; Walker 1977; Major and Voight 1986; Sztanó 1990; Hughes and Druitt 1998) . The reason for the poorer imbrication is the decrease of shear stress and hence decrease of interparticle forces between clasts during deposition. Clasts deposited higher in a mass flow lie progressively more parallel to bedding (Allen 1984; Nemec 1990; Branney and Kokelaar 1992) . The exact angle of imbrication is constrained by a number of physical factors, as discussed by Allen (1984) . In statistical terms, the presence of imbricated clasts, in addition to dominantly bed-parallel ones, results in a second mode on the rose diagram; increasing bimodality causes somewhat smaller R values for a given deposit.
CONCLUSIONS
Directional fabric strength (R) of various volcaniclastic mass-flow deposits (i.e., resultant vector length of clast alignment computed from clast angles to the horizontal in a vertical cut) can be obtained from exposure face photographs. A statistical assessment that considers clast number and direction of exposure face vs. paleoflow enables a characteristic R value for coarse-grained pyroclastic and reworked volcaniclastic breccias to be identified (Table 1) . Comparing the photo-statistical method described with traditional manual field measurements, the photo-statistical method gives reproducible, quantitative results independent of subjective clast selection. R values obtained from more 150 clasts are representative for a given clast population as falling within a 10% wide range.
A critical issue of the evaluation of R is how the strike of exposure face is related to paleoflow direction. We have pointed out that the difference between apparent R and corrected R does not exceed 10% even in the case of 30Њ uncertainty in determining paleoflow direction.
The photo-statistical method is able to demonstrate that more elongated clasts have a stronger fabric. First, the R e value weighted by elongation is always greater than the original R; second, clast increments collected by decreasing elongation give progressively smaller R values.
As for different genetic types of coarse-grained volcaniclastic deposits, the studied near-vent breccias have shown a relatively weak fabric (average R ϭ 0.28). Volcaniclastic mass-flow deposits, regardless of their primary or secondary origin, appear to develop a stronger fabric (R ഠ 0.46) between 0.5 and 1 km from source. Over this distance, systematic improvement in clast alignment has not been observed.
R values obtained from lower or upper parts of vertical exposure faces may show significant differences from each other. They tend to be smaller in the lower parts of mass-flow deposits, where a more pronounced imbrication is commonly developed. The presence of imbricated clasts in addition to dominantly bed-parallel ones results in a second mode on the rose diagram, and increasing bimodality causes somewhat smaller R values for a given deposit.
On the basis of our results, the photo-statistical method described can be considered as a new tool in the investigation of directional fabric of coarse-grained volcaniclastic breccias. Moreover, the method is recommended to apply in any other mass-flow deposit study as well.
